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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a secondary battery with 
low price, high energy density, and long cycle life by using a specific 
compound obtained by replacing part of nickel of LiNi02 with other 
element as a positive active material. 

SOLUTION: A nonaqueous electrolyte secondary battery has a 
positive electrode, a negative electrode capable of reversely 
absorbing/releasing lithium, and a nonaqueous electrolyte. The 
positive electrode contains a compound represented by LiX Nil-Y 
MY 02+Z. In the formula, M is at least one element selected from 
the group comprising Mg, Ca, Sr, and Ba, X is 0.05- X - 1.1, Y is 
0.0KY-0.3, and Z is -0.3- Z- 0.1. 
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? *, g <7>#fi*ft8M£3:fc 9 IC^-T 0 
[0 0 3 1] 
[*9] 
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(7) 9-9 2 2 8 5 



11 _^ 12 









25*C 


6QT: 


25X) 


box: 


LiMl 0 . 9 <A1 0 . 5 Mg 0 .5) 0 . 1 0 2 


19.7 


20. 1 


98 


93 


LiNi 0.9< A1 0.5 B 0.5)0.lO2 


19.5 


20.0 


97 


91 


LiNi 0.9< A1 D.5 Co 0.5>0.1°2 


19.6 


20.0 


98 


93 


tlNi 0 ,{B 0 5 Co 0 5 )„ ,0 2 


19.5 


19.9 


97 


89 


L1Mi 0 . 9 f Co 6 . 5 M 9o . 5 > 0 . 1 °2 


19.7 


20.1 


98 


92 


Llr,l -0.9< B 0.5 M ?0.5>0.1 O 2 


19.6 


20.0 


97 


92 


LiNi 0 , ( Al Q 3 8 0 3 Co 0 4 ) 0 t Q 2 


19.6 


20.0 


98 


90 


LlNi 0 9 {A1 0 3 B 0 3 Mg 0 4 ) Q ^Oj 


19.6 


20.0 


98 


92 


LiNi 0.9« Al 0.3 Co 0.3 H 30.4>0.1°2 


19.7 


20. 1 


98 


93 


LiMi 0 9 {B„ 3 Co 0 3 Mg„ 4 ) 0 l02 


19.6 


20.0 


98 


91 


L l I li 0 9 ((AlBCoMg) 0 25 ) 0 t 0 2 


19.5 


19.9 


97 


90 




19.2 


19.6 


97 


89 


LiNi 0 ? ( Al 0 3 Co„ 3 Mg 0 , 4 )„ ^Oj 


19.3 


19.6 


97 


88 


LiHi 0 7 ((AlBCoMg> 025 ) 0 3 0 2 


19.2 


19.5 


96 


87 


HHi 0 99 (A1 0 5 Mg Q 5 ) 0 01 O 2 


20.7 


21.3 


96 


88 


I.iHi 0 99 (A1 Q 3 Co Q 3 Mg„ 4 ) 0 01 o 2 


20.8 


21.4 


96 


87 


UH1 0 .99<« A1BCO "9>0 .25*0. 01°2 


20.6 


21.3 


95 


86 



[0 0 3 2] SI 9 IZTjk-f Z ■? U.. N i <7>a&x3£ t L 
t, Al, B, Co, i5 tVMgfrb&liiiZ 2ttJ2Lt 
tfflv^C t let *K Jt«e8 3tf>L i N i OztJtftL 

6, 7fc<fcU f ilifcta|3, 4 0#x«tI-Tlv>fc(H 

fc, SbtOJt(R« 8 -C^i"* 1 5 t<r>VcM.frh*>mfr* 
i-jtr, A I, B, Co, Mg^aHMTfflv^a 
0. Ol^YSO. 3, (a + b + c + d) 2S 
10ttHrtT*4£fca f a*Lv\, Y<0. 
t , 7cXft&«>tt*4** $ < > Y > 0 . 3 T*t±S&firt J 
#1-r-6fc*!RFii0^b«rffi< itlC^^o (a 
+ b + c + d) ^l-ClittJMUjSUatt^C, 

[0 0 3 31 <Jfct5#ll> L i N i OaSri&i&KKfflv* 
fco J1*HCJ*L i NOstN i (OH) 2*fflV»fc. 

<7>m.&to*wi%%.m*iz&^x, 7ooc-cwtu. 

^<7?a-^Jt(±L i /N i <7)* frit* 1 . 0 5<0'Jf 
t;? !> JCPDS<O9-0 0 6 3CSS$K/:L iN 



i 02*V<*-> fc-tLfc. W»»<10 4) 

^3ft*»f-*K*t1-*ll»ft (o o 3) ff?^ 

1. 2 OfiLT-C**fcx L iN i OiOJitt«)ft*»jl 

**1 Otc^-To 
40 [0 0 3 4] 
[*1 o] 





21.2 




91* 


Iff®* 


87% 



[0 0 3 5] <it«#0 2> L i N i O2ON i SS£ 
50 Wt*o Alifflv^ta^liLiNOs, Ni (O 
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(8) 



#H¥9-9 2 2 8 5 



13 

H) 2. JSi^Al (NOs) 3 02l^!6!:Kf^ffiti: 
£v>T, 7 0 0"CT-&J&L£o H*l-<0?l-^itl±> L \/ 
(A 1 + N i ) O^JtS: 1 . 0 5<0'J^A«*|fc 

A 1 / (A 1 + N i ) <D^e;Hfc* s O. K 0. 2, 
0. 3, 0. 4, 0. 5 t*ZZ> X 0 iZLtz* C 
r 5rffli/^/c*^-t-J±. CriSiiLTCr (NOs) 3 
v^Tfe^K^^L^o ^j£L£i*f^X||iaift?Ii|5E£ 

0 0 6 3Ug»£:Kfc* 



i4 



^^T-^^it^iSofCc ttz. (10 4) 

-e^$-tv^e-^(c^i-^MJii^ (003) x-7F2tiz> 

10 0 3 6] 
[«1 1] 



I M 




M/(NilM)**Ji: <I:Al.Cr) 


0. 10 


0.20 


0.30 


0. 40 


0.50 


A 1 


«1JB??S CmAh) 


20. 1 


19.8 


19.5 


15.3 


12.8 




97* 


97% 


97% 


96% 


93% 




88% 


86% 


86% 


85% 


85% 


C r 




20.5 


20.2 


19.9 


17.1 


14.3 




96% 


96% 


94% 


91% 


86% 




87% 


84% 


83% 


79% 


73% 



[0 0 3 7] <ttt«3) L iNi 0 2 5-fv>^|: 
ov>t^ti= L iNOstNi (OH) a^rl^^r 
UUv»T, 6 5 OXJ-CfcJftLfco *S-£-Jtl±L 

1 /N i (D^fritte 1 . 0 b<DVf"t>^&mt Ltz„ 
iRLfcL i N i OzOX^Stffffll^^^f ofcU%, J 
CPDSO9-0 0 6 3 Ug©S*t7t/<*-> fc— ItL 
fc„ (1 0 4) ^$*i£fcf-*K*N-* 

(0 0 3) -C^$n^.f-^<7)?iSJtli 1 . 3T* 

*ofco mmmi tmwnjj&x'^m.zitsiL. 

2 tc^i- 0 

[0 0 3 8 J 
1*1 2] 



[0 0 3 9] (ikMffl 4>LiCo02>io<fc IfL i C 
oOzCMg^iALmt^^t^tio Li 
CoOaii. L iaCOs. is J: ZfC o 3 04 OS-g-^S:;*; 
ft*. 9 0 OfCIffiLTMLfc. Jt^^OS-^-lfcfiL 

i/CoO^JtSrl. 0 0 t LTto MgZmX-t&Wi 
-g-{±, L iaCOs, C03O4. HXrfUg (NOs) 2* 

ac»ufflv»fc«, iit^oiR^Jtrt, l i/ (Mg + c 
o) c9^E;Hfc* $ i. 00, Mg/ (Mg + Co) o^eA- 
Jt#0. 1 t%2> «fc 1 \ZLtZo »£>ftfc***OX«tH 
4ffai5e*lTofcki*» v»-f*vt J CPDSO16-0 
4 2 7Kg^$:HfcL i Co02<O/^->tattLt 

1319. *i\tmm<r>%i&mrkX'hz>zt-hm^tz 0 l i 



C o O2 b mQW tf - * fLM-KTOt'* kf - * l*Jt <b H 
"f> &J&!g?t±L i C o Oz&XZFL i C oi-vMgvO 
2 (Y=0. 1) X-3bht2rz-h*iho mmii 

[0 0 4 0] <itR^5> L i C0O2KA l Sr^AL 

tzm^^^xmM-f i> 0 l i2C03, C03O4, &s. 

If A 1 (NOs) jOil*«t*>lt, 9 0 CC-Cj&JSL 
50 fco imsOS^aMtt, Li / (Al+Co) <0 
■=e;Ht£ 1. 00. Al / (Al+Co) co^;Ht* 

0. 0 5 t L£ 0 »fc:Kfc«tt*OX«E*Taij6**To 
fctl^, JCPDS«1 6-0 4 2 7i:fS?W:L 
i Co02<0/^^->i:«mL-Ci5t5, L iCoOztB 
tt^SM^ft^-t^of;, L iCoOzti 

to© e-*iijtt>:M% 

iCoi-yAlY02 (Y=0. 0 5) titbit 
«3 tW*ft-e^SBcmWR«:tf-s>fco -?"OfS^5r*l 3 
[0 0 4 1] 



[*1 3] 





co M 6 


A 1 

<0. 05) 


LtCo0 2 




in 


M 


\U 


vm*mi 


73% 


98% 
75% 


98% 
90% 



[0 0 4 2] (tt«tf(6> L i N i O2ON i <D—U* 
50 B-etftL^i:ov>tRWt^o L iNOa. Ni 
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(OH) 2, 33iim3B03COift^£&3ilji^"t'KJ3 
v>t\ 6 5 O'C'e&J&LTto fUft<0?I-£-.fctl±. L i/ 

(b + n i ) w^nt* l . o 5<r>i)?"5&&Mt u 
B/ (B + N i) O-^JtSrO. 0 5 t Lfc. #6fi6:%<0 
XSMgiffofci:?>, JCPDSW9-006 
3 K&mZixtzL i N i 02<7V?* - > tMULXH 
■K L i N i 0 2 t |Bl«O^S«St#tl) i t^ISc 
tzo L i N i O2 hmVXn^-tVXVt^Wfa^-tl* 
fLbti-f, MiliLiNii-vByOa (Y=0. 0 
5) X-*>2>t3£jLh1XZ>o syfefldi tl^^O^S 

[0 0 4 3] <Jt&ff!l7> L i N i O2ON i O— SBSr 
C o-eemt7t^(-OV>TSi^1-^o L i NO3, N 

i (OH) 2, JSitfC ozo*(om.^^m%^\~ 

£v>-C, 6 5 OCfttftLfc. WM<om.^itit. L i/ 
(Co+Ni) 0 5C0'Jf">Aj§f!lt 

L> Co/ (Co+Ni) O^HtiO. l0tLtz o 

nhKtzm.^<r>xmmv\m^n^tzt^>>, jcp 

DSO9-0 0 6 3 \zg:&.Zfitz'<9 -> tWSXLXiS 

>k l i n i 02 tm%k<r>m&m&xhz> zttm-? 

fz 0 L i N i Oaiaftoe-^JSWU^Fttftkf-^Ji 
m^fff. &j£WiL i N i i-yC oy02 (Y=0. 1 

[0 0 4 4] 
13U4] 



J6 





(0.^5) 


(o c 6 


HP**® 


18:? 


18:? 




98 


81% 



70 



20 



[0 0 4 5] (Jfc$£#!l 8 > L i N i O2 tC23lt-& N i £ 
Al, B, Co, Mgri^billfit* 2 «fiL±c07c*-Cfi 
^L^-^l-OV^Tift^l-^o A I Mt LT A 1 (NO 
3) 3. Bigt LTH3BO3, C oW.t LTC 03 04^ M 
gStUMg (NOs) 2*-e-*L***Lj§v*fco 
L i NO3, Jsi^N i (OH) 2 tS^L, Kfit^fc 
*K 6 5 OttMLt, atfl-Oift-S-JfcttL i/ (Ni 
+ (Al, B, Co, MgfrbM\£tiZ 2«3Lt©5c* 

) *>*/Hfc*l. 0 5<0'Jf-^Aigf9i: U 
Al. B, Co, Mg^iKKOattiJ <fc-)lcL7t 0 

#e>nfc«)«»ox«LH#fai3e*ffofci:i*, jcp 

DSO9-006 3Kg;giZiXtz'*?-> tmULXii 

*k l i n i 02 1 ®m<DmM,mmx$>z> z t tm-? 

tz 0 ttz, jgjg& (10 4) X7ji21xZ>\S-?iZtt-tZ> 
Wfk®. (0 0 3) T-^£;K*e-*coS!&gltt±, v»-f*t 
U. 2 5Ja±T-*o/c 0 LiNi O2 tSfOlf-i' 

it&mx-hztm.hixzx, friz, rn&mi tmmvx 

[0 0 4 6] 
[«15] 









251C 


60*C 


251c 


60"C 




14.2 


14.6 


91 


81 


LiNl 0.9' A1 0.3 B 0.1 Co 0.3 M 9 0 .4> CM°2 


14.7 


15.0 


91 


86 


LiNi 0 9 «(AlBCoMg) 0 3 ) 0 t O-, 


14.6 


15.1 


92 


86 


LiHi 0 6 (A1 0 5 Mg fl 5 ) 0 4 C 2 


15. 1 


15.5 


95 


79 


LiNi 0 . 6 < A1 0. 3 Co 0 . 3**0 . 4 > 0 . 4°2 


15.2 


15.4 


95 


78 


LiNi 0 6 (( A lBCo« 9 , 0 25 , 0 4 o 2 


15. 1 


15.3 


94 


77 


LiNi 0 g95 ,Al 0 5 Mg 0 5 ) 0 0<)5 O 2 


21. 1 


21.7 


93 


55 


LiHl 0.995< A1 0.3 Co 0.3 M 9o.4 ) 0.005°2 


21. 1 


21.7 


93 


54 


t.iNi 0 995 ( ( AlBCoMg) o . 25 ) o . 005 O 2 


21. I 


21.6 


92 


54 



[0 0 4 7] (JtKW9) LiNi02«)Ni(0-S6Sr 

a 1 xm.^tz^\,z<3^xmM-rz>o l i nos, n 
i (oh) 2. atxfhi (NO3) ioa-&**afc*fc 

*«f, 6 5 or-CjKJftL*:. «JR-oa'6-Jt»±> L \ / 



(Al+Ni) ^^it^rl. 0 50';^-^Ajg«t 
U Al / (Al+Ni) <o^e;Ht* J o. 1 , 0. 2> 
0. 3, 0. 4. 0. 5 tb&Xo IZLtZo ftbtltzfe 
50 im)<7)X&mifTMTZ.*1n-2tzbZ\? 3 ^ J CPDS09- 



-9- 
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0 0 6 3UfiS$itfc><*->i:SHElL'CiSlK LiN 
(10 4) T^$it4e-^U*rt-41B*lltt (0 0 

±-c*ofe. l i n i O2tamoe-^£i^-t-^*et» 

e-^liji.'bft-f, &AftliL i N ii.vA 1y0 2 (Y * 



(10) ^¥9-9 2 2 8 5 

18 

*=0. 1, 0. 2, 0. 3, 0. 4, 0. 5) X'$>2>b 

[0 0 4 8] 
[$16] 



M 




Y 




0. 10 


0. 20 


0.30 ! 


0. 40 


0. 50 


A 1 




18:1 


19.8 
20.2 


11:1 . 


ill 


m 


KM" WE) 


97% 

75% 


97% 
61% 


97% 
57% 


96% 
57% 


93% 
56% 



[0 0 4 9] J0LhOHJt«-C«» fiHMt * 
OSSOH-'J?- UL i NOs, i?^*tU 
Ni (OH) zSr-e-tL-pttfflv^**, 'Jf)Ai6tU 
MtJkHWfc'Jf-^A, It&'J^A^BtffcV^A, 

^^ttt lt i±^»- y^^s mat- ? >rfr4?nxt=- ? 

t tz, fi&7CS?M g. Ca, Ba, Sr, A 1 , Cr, 

b, coosfitu, ±B*it«ccfflv»fcfl:««an 



20 



[0 0 5 0] 

[HliottJUftRWl 

[mi] *«Wo**«Kii»t4**o*llfiiH-c* 

So 



50 



1 


IE® 


2 




3 




4 




5 




6 




7 




8 





[111] 



(11) 



9- 9 2 2 8 5 



(72)s§9?# pm (72) sp 
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